1. The effect of rapid intravenous infusion of 25 ml of isotonic sodium chloride solution (saline)/kg body weight on extracellular fluid volume (ECFV, 82Br distribution volume), plasma volume (13'I-labelled albumin distribution volume) and blood volume (from plasma volume and packed cell volume) was studied in nine normal subjects and a group of 11 patients with end-stage renal disease (ESRD).
Introduction
There can be little doubt that an increased extracellular fluid volume (ECFV) is one of the chief factors in hypertension in the majority of patients with chronic renal failure [l, 21. It is possible, however, that not only this increase, but also an altered distribution of ECFV between the intra-and extra-vascular compartments occurs in this type of hypertension. In a previous study [31 in patients with renal failure we found that after chronic (5-7 days) salt loading the blood pressure rise was more pronounced the greater the decrease in renal function. In addition, the intravascular volume showed a larger rise the more renal function had decreased. Thus the decline of renal function was accompanied not only by a greater 'salt sensitivity' of the blood pressure, but also by a tendency for fluid to be retained in the intravascular compartment. From studies in rats, Lucas & Floyer 14, 51 concluded that the kidney somehow controls the compliance of the interstitial space, and that a reduction or absence of renal tissue lowers this compliance, thereby directing fluid to the intravascular compartment. This hypothesis might explain the results of our earlier study. It is conceivable that a change of fluid volume distribution after volume expansion in patients with renal disease is even more pronounced after rapid volume changes than after chronic salt loading, in which adaptations during the study may play a role. Moreover, the change in blood pressure, a factor thought to affect intravascular volume [6-81, will H. A . Koomans et al. be smaller after acute volume expansion than after chronic salt loading.
On these grounds, we studied the effect of a rapid and standardized infusion of isotonic sodium chloride solution on intra-/extra-vascular fluid distribution in patients with end-stage renal disease and a group of healthy control subjects. Because interstitial space compliance might be influenced by interstitial hydration 191, we took care to reduce the extracellular fluid volume in the patients with ESRD to a normal level in advance of the study. It appeared that rapidly infused saline was kept preferentially in the intravascular compartment in patients with ESRD, in comparison with normal subjects.
Methods

Subjects
The study was performed in nine healthy subjects (mean age 27.7 years, range 21-33 years, four males and five females) and 11 patients with end-stage renal disease (ESRD), whose informed consent was obtained after explanation of the procedure. Data on the patients are given in Table 1 . Eight patients were on haemodialysis; in the others, creatinine clearance was <6 ml/min. Any antihypertensive therapy was stopped at least 3 weeks before the study, and correction of ECFV was obtained, if necessary, by salt restriction or ultrafiltration. Major volume changes were avoided before infusion. All patients had been hypertensive previously, but none of them showed signs of heart failure.
Study protocol
Rapid volume expansion was obtained by infusion of isotonic sodium chloride solution (1 54 mmol/l: saline). On the day before the infusion, plasma volume and ECFV were determined as 1311-labelled albumin and 82Br distribution volume respectively [ 101. Blood volume was calculated from plasma volume and whole-body packed cell volume (PCV). The 82Br space was corrected for Donnan equilibrium and erythrocyte 82Br content. After at least 90 min of recumbency, four blood samples were drawn for PCV determination and radioactivity counting. An intravenous infusion of saline, approximately 25 ml/kg body weight (31.5 f 2.1 and 31.6 +_ 4.1 ml/kg lean body mass in the normal group and ESRD group respectively), at body temperature was then given in 30 min. Serial blood samples were taken at 30 min (the end of the infusion) and at 45,60,90 and 120 min for PCV measurement and radioactivity counting. Plasma renin activity (PRA) was determined before and 120 min after the infusion. Before the infusion plasma albumin and colloid osmotic pressure (Oncometer, C.C.M.I., Los Angeles, CA, U.S.A.) were measured. Subjects were kept supine during the procedure. Blood pressure was monitored with an Arteriosonde 1217 (Hoffman la Roche Inc., N.J., U.S.A.) . During the study, urine was collected for assessment of sodium excretion. Radioactivity was counted in duplicate samples with a Tri Gamma counter (Baird Atomic Inc., Bedford, MA, U.S.A.), and appropriate corrections were made for overlapping energy spectrum and isotope half-life. PRA (fmol s-I 1-l) was determined by radioimmunoassay by a modification of 
Calculations and statistical analysis
All fluid volumes were expressed as ml/kg lean body mass (this weight was estimated, as reported before [31). Changes of fluid volumes are expressed as percentage of control volume. The changes in plasma volume were determined in two independent ways: from the changes in 1311 activity according to the dilution principle, 'and from the changes in PCV, according to van Beaumont's [ 121 formula. For the latter purpose, use was made of the corrected PCV (=0.87 x PCV). ' "I activity refers to the 1311-labelled albumin used for the measurement of the plasma volume on the preceding day. On the study day, enough radioactivity was left for repeat counts. From previous observations (not published) we assumed and corrected for a transcapillary 1311-labelled albumin escape rate of l%/h during the study. Under the assumption of a constant erythrocyte mass, blood volume was calculated serially from plasma volume and PCV,
The ECFV after the expansion with saline was calculated from control ECFV, augmented by the amount of saline infused, and at 120 min diminished by the natriuresis during the study. The decrease of 82Br concentration (administered for ECFV determination on the previous day), measured immediately after the infusion, was used only to confirm equal expansion of the ECFV in both studied groups. To this aim again the dilution principle was used. At this stage the effect of natriuresis on ECFV was considered to be virtually absent. Since urinary 82Br excretion was not measured, the 82Br concentration did allow measurement of ECFV changes beyond 30 min. Interstitial fluid volume (IFV) was calculated from ECFV -plasma volume = IFV. Differences between the groups were evaluated with Wilcoxon's test for unpaired data. Divergence from control values was evaluated with Wilcoxon's test for paired data. Unless indicated otherwise, all values are means with SD. Table 2 shows control values in both groups. Lean body mass was lower in the patients with ESRD, but because of the large ranges this difference hardly reaches significance. ECFV and blood volume did not differ between the groups, which indicates that before the study hydration was normal in ESRD group as well. However, plasma volume was significantly increased in the patients with ESRD, complementary to their low PCV. Thus, these patients also had a slightly but not significantly lower interstitial fluid volume. Mean arterial pressure and plasma renin activity were significantly increased in the ESRD group despite their normal ECFV.
Results
Extracellular fluid volume
In both groups the increase of the 82Br space, as measured from the decrease in 82Br activity, reached a peak immediately after termination of 
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Anephric patients not included. Also given are the increases at 30 rnin calculated from the **Br dilution (0, normal subjects; 0, patients with renal failure).
the infusion. If corrected for isotope half-life, the 82Br concentrations did not alter after 30 min, and it is obvious that any subsequent change in ECFV, for example due to renal NaCl excretion, will not be reflected by an altered 82Br activity, because bromide behaves like chloride. Therefore, the changes in 82Br activity only reflected the initial increase of ECFV, which was almost the same in both groups: 11.5% in the normal subjects and 12.1% in the ESRD patients. These values slightly exceed the infused volume, which was 10.7% of the ECFV in both groups (Fig. 1) . The ECFV at 120 rnin was calculated from the control 82Br space and the infused amount of saline corrected for the renal NaCl excretion. During this period, NaCl excretion was still minimal in both groups and the elevation of ECFV in patients with ESRD was only slightly more than that in normal subjects: 9.65 k 1.84% vs 8-83 & 1.14%.
Plasma volume and blood volume
The percentage increase of plasma volume, calculated from the decrease of plasma 1311 activity, was significantly larger in the ESRD group (P < 0-05), except immediately after termination of the infusion (Fig. 2) . When calculated from change in PCV too, plasma volume had increased significantly more in the ESRD patients at 45, 60, 90 and 120 rnin (P < 0.05), whereas at 30 rnin these increases were 17.9 f 5.1% (normal subjects) and 22.1 f 5.5% (patient group). The latter did not differ signifi- cantly because of the large interindividual variations. Nevertheless, at this time the increase of blood volume was significantly greater in the patient group. This was caused by the larger contribution of the plasma to the whole blood volume in the patients with renal failure. The peak expansion of plasma volume immediately after the end of the infusion was followed by a decline, which rapidly levelled off, and between 45 and 60 rnin only a small decrease was observed, the amount being similar with both methods. The mean values for increase in plasma volume in this period were 12.1 k 4.0% (lalI method) and 11.9 +_ 3.2% (PCV method) in the normal subjects and 16.5 f 3.8% (I3'I method) or 17.9 f 4% (PCV method) in the ESRD group Although both mean control blood volume and saline load were the same in the two groups, blood volume increased significantly more in the patients with ESRD. This was apparent not only at the end of the study, when differences in NaCl excretion could be relevant, but also immediately after termination of the infusion (P < 0.01, Fig. 3).
( P < 0.05).
Relation between intra-and extra-vascular fluid volumes
In control subjects the relation between plasma volume and interstitial fluid volume (PV/IFV 19.5 t ratio) was 0.227 f 0.020 before the infusion and 0.227 k 0.021 at 120 min. Thus the distribution of the retained volume did not differ from the distribution of ECFV during normovolaemia. Under the assumption of a constant erythrocyte mass during the study, the blood volume/ECFV ratio decreased from 0.296 k 0.019 to 0.287 k 0-019 ( P < 0.01). In ESRD patients, however, the PV/IFV ratio increased from 0.299 k 0.024 to 0.316 f 0.021. The blood volume/ECFV ratio did not decrease as in the normal group, but even showed a small increase from 0.299 k 0.019 to 0.304 k 0.018 ( P < 0-05). This divergent behaviour of the blood volume/ECFV ratio is illustrated in Fig. 4 . The relation between the increase of blood volume (ABV) and the increase of ECFV (AECFV), expressed as the ABVIAECFV ratio, was thus completely different in these two groups: 0.192 f 0.039 in normal subjects, which is much lower than the blood volume/ECFV ratio during normovolaemia, and 0.353 f 0.063 in the patients with ESRD, which is slightly higher than the control value of the blood volume/ECFV ratio.
Blood pressure and plasma renin activity
In none of the subjects studied did the blood pressure increase after the saline infusion. The only consistent change in blood pressure was a small decrease of diastolic pressure immediately after the infusion. Plasma renin activity, though elevated in the ESRD group as compared with the normal subjects, showed a similar decrease of 40% after saline infusion in both groups. 
Anephric subjects
Because the anephric state in two subjects among the patients with renal insufficiency may have affected the results of this group, the findings of these patients are presented separately as well. Mean control plasma volume, blood volume and ECFV were 68.5, 87-5 and 290 ml/kg lean body mass respectively. Thus neither 
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ABlood volume (%) their control fluid volumes nor inter-volume ratios differed from those of the other patients with terminal renal failure. The changes of these fluid volumes after the saline infusion are given in Table 3 . These also are very similar to the findings in the group with renal failure as a whole. As expected, both patients had very low plasma renin activities non-reactive to the infusion, and were normotensive.
Discussion
This study has shown that, compared with normal subjects, a rapid saline load in patients with end-stage renal disease (ESRD) is distributed preferentially to the intravascular compartment. This was apparent not only at the end of the infusion, but also at 120 min, when the blood volume/ECFV ratio was slightly but significantly increased in the patients with ESRD, and significantly decreased in the normal subjects. This finding is compatible with the results of our earlier study, in which chronic salt loading was also found to give a preferential expansion of the plasma volume as renal function decreased. The two groups in the present study differed with respect to renal function, which in one of them was severely and chronically compromised. Patients in this group also had a lower PCV, a higher blood pressure, and a higher mean plasma renin activity compared with the normal control subjects. Because the ESRD patients had been normovolaemic before the study, plasma renin activity was certainly increased in relation to their volume state, which explains the persisting hypertension in some of them. It should be considered whether one of these factors is responsible for the different behaviour of body fluid volumes.
Patients with essential hypertension often show a lowered PV/IFV ratio 16, 8, 131 . Furthermore, an acute saline load is cleared more rapidly from the intravascular compartment in patients with essential hypertension than in normal subjects [141, which depresses this ratio even further. In a group of 47 patients with renal failure we found, moreover, a negative correlation between blood pressure and the intra-/extra-vascular volume ratio [151. These studies make it highly unlikely that elevated blood pressure is responsible for the preferential distribution of fluid volumes to the intravascular compartment, as was observed in the ESRD patients in the present study.
As shown by Parving et al. (71, angiotension I1 diminishes the intravascular volume. However, patients of the ESRD group showed a higher plasma renin activity than the normal subjects. Therefore, this difference is unlikely to explain the pattern of fluid distribution seen in the ESRD patients. Moreover, the decrease of plasma renin activity after the infusion was similar in the two groups.
The low PCV in the ESRD patients will probably have added to the greater rise in the blood volume in the ESRD group after saline infusion. Obviously a certain percentage increase in plasma volume during low PCV will result in a larger rise of blood volume than during high PCV. This, however, leaves our finding of a larger percentage rise of plasma volume in the ESRD group unexplained.
It seems likely that not only the base-line ECFV, which was equal in the two groups, but also the distribution of this volume before the infusion and the plasma albumin concentration as well as the colloid osmotic pressure, can influence the distribution of a saline load. Of these factors, only the distribution of the ECFV before the infusion differed: because of low PCV and normal blood volume in the patients with ESRD, their plasma volume was increased and their interstitial fluid volume slightly decreased (Table  2 ). In the normovolaemic range, however, a slight decrease in the insterstitial fluid volume will sharply reduce the interstitial pressure, thus favouring interstitial rather than intravascular expansion [91. The above considerations therefore do not explain the altered behaviour of the body fluid compartments observed in patients with ESRD.
In early reports by Kolff et al. 1161 and Grollman et al. (171 it was proposed that the intact kidney exerts a non-excretory vasodepressor influence. Indeed, Pitcock el al. 1181 showed that in partially nephrectomized rats the renal papillae contained reduced amounts of a vasodepressor substance several weeks after performance of the partial nephrectomy. Lucas & Floyer [2, 4, 51 and later Bianchi et al. [191 suggested the presence of a renal influence on the distribution of body fluids. From animal studies in which interstitial pressure was monitored during rapid saline expansion, Lucas & Floyer (41 concluded that the interstitial space compliance decreases after nephrectomy. These authors suggest that the intact kidney produces a substance which maintains this compliance at a certain level, and that with renal failure the decrease of this substance leads to the reduction of interstitial compliance. Floyer I21 rightly stated that such reduction of interstitial compliance in renal disease would not suffice to produce hypertension, but can only maintain a relatively normal interstitial fluid volume, despite the inability of the kidney to excrete salt and water. In other words, whereas large salt loads mainly result in gross fluid retention without much rise of the blood pressure in normal subjects, as has indeed been shown by Luft et al. [201, the patients with progressive renal failure may be able to maintain a normal interstitial fluid volume for a long time despite their high fractional salt loads.
Manning [211 found no evidence indicating renal control of fluid volume distribution. He studied the effect of rapid expansion of the ECFV, i.e. to 130% of control, in dogs before and after nephrectomy. Pre-expansion or postexpansion blood volume/ECFV ratios did not d a e r between the control and renoprival animals. However, it is likely that after such extreme expansion far greater than that used in our study, a point is passed, beyond which only the interstial fluid will increase, without any further enhancement of the intravascular volume. This was clearly shown in another study by the same author [22l. Thus, although it may be concluded from these studies that the upper limit of acute intravascular expansion after a saline load is not substantially altered by nephrectomy, nothing can be said about the behaviour of the blood volume/ECFV ratio in the lower range of volume expansion. This is in accordance with the findings of Bianchi et al. (191, who reported that increase of blood volume/ECFV ratio after nephrectomy in patients with ESRD occurred only in patients with ECFV values close to normal, and not in expanded subjects.
As in Manning's study [21] , we also calculated a slightly larger expansion of the ECFV from the decrease of 82Br concentration than was expected from the infused quantity of saline and estimated control ECFV (Fig. 1) . Although the reason for this discrepancy is uncertain, it may be explained by the assumption that the 82Br distribution volume, despite corrections for the erythrocyte penetration of bromide, overestimates the ECFV. Since, however, the phenomenon was present in both groups, it does not affect the results of our study.
In view of the findings of Bianchi et al. [19] in patients before and after nephrectomy, it might be expected that the results in the two anephric patients in our study would differ from the findings in the other patients with renal failure. Since, however, this was not the case, the patient group was studied as a whole. Obviously the small number studied does not justify any further conclusion concerning nephrectomized patients only.
In sum the present study lends support to the suggestion that patients with severe renal failure show an altered control of fluid volume distribution in that an acute but moderate saline load is distributed preferentially to the intravascular compartment. This phenomenon might be explained by a decreased tissue compliance in these patients. Such a decrease of tissue compliance might enable the body to preserve a normal interstitial fluid volume despite the relative inability of the kidneys to excrete salt and water.
